The aim of this study was to evaluate the accuracy of invasive and non-invasive tests for diagnosis of visceral leishmaniasis (VL) in a large series of human immunodeficiency virus (HIV)-infected patients. In this delayedtype cross-sectional study, 113 HIV-infected symptomatic patients were evaluated by an adjudication committee after clinical follow-up to establish the presence or absence of VL as the target condition (reference test). The index tests were recombinant K39 antigen-based immunochromatographic test (rK39), indirect fluorescent antibody test (IFAT), prototype kit of direct agglutination test (DAT-LPC), and real-time polymerase chain reaction (qPCR) in peripheral blood. Compared with parasitological test and adjudication committee diagnosis or latent class model analyses, IFAT and rk39 dipstick test presented the lowest sensitivity. DAT-LPC exhibited good overall performance, and there was no statistical difference between DAT-LPC and qPCR diagnosis accuracy. Real-time PCR emerges as a less invasive alternative to parasitological examination for confirmation of cases not identified by DAT.
INTRODUCTION
Concurrent visceral leishmaniasis (VL) and human immunodeficiency virus (HIV) infection have been reported in most areas of the world where the geographical distributions of the two infections overlaps. The disease is characterized by significantly lower cure rates and higher drug toxicity, relapse, and mortality rates than those rates for VL in non-HIVinfected individuals. 1 The clinical diagnosis has many limitations, because features of VL can be easily mistaken for other febrile illnesses, such as tuberculosis, histoplasmose, enteric fever, and lymphoma. 2, 3 Cytopenia is frequent during the course of HIV infection and may result from several mechanisms. 4 In addition, it is important to be alert for possible situations of coinfection where manifestations of VL are atypically present. 5 Demonstration of Leishmania parasites in bone marrow aspirate or other biologic specimens, either by visualization or culture, is the most reliable diagnostic technique in the setting of HIV coinfection. However, invasive procedures require trained physicians, and microscopic examination is time-consuming. Although antileishmanial antibodies have high diagnostic value in immunocompetent patients, 6 serological tests are less reliable for immunosuppressed individuals. 7 There is some doubt whether one serological technique would be superior to the other for the VL diagnosis among HIV-infected patients and if there is difference in tests performance among global regions. 7 Indirect fluorescent antibody test (IFAT) remains the routine serological test used by the public health services in Brazil, despite requiring fluorescence microscopes and relatively well-equipped laboratories. The direct agglutination test (DAT) offers high sensitivity and specificity and may be performed in laboratories with limited infrastructure. [8] [9] [10] Similarly, the development of the rapid recombinant K39 antigen-based immunochromatographic tests (rK39) has brought a major improvement in the diagnosis of VL in non-HIV-infected patients in the field. 8 Nevertheless, the paucity of data about these rapid tests in HIV-infected patients 11, 12 makes clear the need for more research before they are integrated in a diagnostic algorithm. In addition, in recent years, different molecular methods, particularly polymerase chain reaction (PCR), have successively been evaluated as a sensitive and specific alternative for the diagnosis of leishmaniasis, 13 but the application of PCR outside Europe, in areas of high endemicity, is still poorly studied. The objective of the present study is to evaluate the diagnostic accuracy of spleen palpation and parasitological, molecular, and serological tests for the diagnosis of VL among HIV-infected symptomatic patients in a reference center in Brazil.
PATIENTS AND METHODS
This study is part of a cohort involving Leishmania-HIVcoinfected patients in progress in Belo Horizonte, Minas Gerais, in a reference center in Brazil-Eduardo de Menezes Hospital, Fundaçã o Hospitalar do Estado de Minas Gerais (HEM-FHEMIG). Minas Gerais state has a population of around 20 million people. Patients with infectious diseases from the capital Belo Horizonte and small cities of the state are referred by the Brazilian universal health system: the Sistema Ú nico de Saú de. All patients with medical suspicion of VL were invited to participate. The study was planned as a delayed-type cross-sectional study, where clinical follow-up was used to enhance the validity of the reference standard (which we named target condition) defined by an adjudication committee. Patients were enrolled consecutively until the sample required had been reached.
Approval for this study was obtained from the Ethical Review Boards of HEM-FHEMIG and from Centro de Pesquisas René Rachou (CPqRR), Fundaçã o Oswaldo Cruz. Patients were included in the study only after appropriate informed consent was obtained. The flow diagram that describes the design of the study and the flow of patients according to Standards for Reporting of Diagnostic Accuracy (STARD) statement 14 is presented in Figure 1 .
Clinical suspicion for VL was defined as a history of more than 14 days of fever or splenomegaly or cytopenia. Cytopenia was defined as a hemoglobin level 11 g/dL and/or a white blood cell count 3.5 + 10 9 /L and/or a platelet count 120 + 10 9 /L. Patients with clinical suspicion were eligible to participate only if they had not received any treatment for VL. A questionnaire with clinical, epidemiologic, and demographic data was filled out for each patient at enrollment, and diagnostic procedures were performed when consented; bone marrow aspiration and a venous blood sample were taken. Serological techniques, direct smear examinations, and cultures of the bone marrow samples were carried out in separate services by different laboratory personnel who were not aware of results of the other tests. Regardless of the study or pending tests results, the decision to treat leishmaniasis was defined by hospital staff based on clinical and laboratory findings as well as the results of the parallel investigation for other diseases.
Adjudication committee definition. Given the lack of a gold standard for the diagnosis of VL, an adjudication committee with four members (G.F.C., M.R.d.S, B.M.d.F.N., and A.R.) was formed and it decided by consensus after clinical follow-up about the presence or absence of the target condition under study (VL). This expert panel evaluated results of all tests available, including those tests performed for other diagnostic possibilities and outcomes observed at follow-up by reviewing the medical records 4 weeks after the last patient inclusion in the study. Patients were considered as having the target condition if clinical symptoms were judged to be caused by L. (L.) infantum.
Direct examination. Six good-quality smears prepared from bone marrow aspirate and stained with Leishman stain were examined under an oil immersion light microscope for 45 min each time. Leishmania spp. bodies in the smear were confirmed independently by two experienced microscopists by detection of the standard parasite morphology: typical oval or elliptical cells bounded by a cytoplasmic membrane containing the nucleus and kinetoplast.
Leishmania culture. The material of bone marrow aspirate (BMA) was immediately placed in culture tubes containing biphasic medium McNeal, Novy & Nicolle (NNN) and 500 μL Liver Infusion Tryptose (LIT) supplemented with 20% heat-inactivated fetal bovine serum (FBS; GIBCO/ Invitrogen, Grand Island, NY) and streptomycin (50 μ/mL). The cultures were incubated at 26 C and weekly examined by microscopy (400 + magnification) for the presence of promastigote of Leishmania spp. for a total of 30 days.
Real-time PCR. Total DNA from peripheral blood of patients was extracted using the QIAamp DNA Blood Mini-Kit (Qiagen GMbH, Hilden, DE). Two independent assays for the detection and quantification of Leishmania spp. and human DNA were performed using the StepOnePlus Real-Time PCR System (Life Technologies, Carlsbad, CA). For the Leishmania assay, the target DNA was the small-subunit ribosomal RNA (SSU rRNA) gene, which is conserved among all Leishmania species. It consisted of the primers LEIS.U1 (5 -AAGTGCTTTCCCATCGCAACT-3 ) and LEIS.L1 (5 -GACGCACTAAACCCCCTCCAA-3 ), which were designed to amplify a 67-bp fragment and the fluorogenic probe LEIS. P1 (FAM 5 -CGGTTCGGTGTGTGGCGCC-3 TAMRA) as described by Wortmann and others. 15 The protocol described by Gomes and others 16 was applied. For the human assay, the ACTB reference gene was used as the target, and the primers Aco1 and Aco2, 17 which generate 120-bp fragments, were used in this assay. The reaction mixtures contained 12.5 μL Syber Green PCR Master Mix 2X (Life Technologies), 0.1 μM each primer, and 3 μL DNA template in a final volume of 25 μL. The cycling parameters were universal, and the melting analysis was conducted based on the parameters of the StepOnePlus Real-Time PCR System. Standard curves were prepared for VISCERAL LEISHMANIASIS DIAGNOSIS AND HIV INFECTION each assay using known quantities of pCR-4 TOPO vector (Life Technologies) containing the cloned human gene actin, beta (ACTB; 120 bp) and the 67-bp L. infantum SSU rRNA fragment. The recombinant plasmids were serially diluted 1:10 to create each standard curve. The quality parameters of the standard curves, including PCR efficiency, linear dynamic range, and correlation coefficient, were obtained by software analysis, and they were accurate and similar to the parameters obtained by previous studies from our group. 16, 18 The parasite load was expressed by the Leishmania DNA load (relative copy number of the 67-bp SSU rRNA fragment) normalized against the reference gene ACTB according to the work by Overbergh and others. 19 ACTB copy numbers for the target samples were divided by the highest ACTB value obtained in the experiment, resulting in a correction factor used for normalization.
Serological tests. The presence of L. infantum-specific antibodies was determined by three different methods: a rapid rK39 antigen-based immunochromatographic test dipstick test (Kalazar Detect), IFAT (IFI, Bio-Manguinhos), and a direct agglutination test using a prototype kit produced at Laborató rio de Pesquisas Clínicas of CPqRR (DAT-LPC). The dipstick test was performed according to the manufacturer's instructions (InBios International, Inc., Seattle, WA); 20 μL serum were mixed with two drops of the buffer provided with the test and placed on a cellulose strip. Using the manufacturer's instructions, a test result was positive when two bands (a control band and a positive test band) appeared within 10 minutes. The test result was negative only if the control band appeared. The IFAT was carried out at the Parasitic Diseases Laboratory of the Fundação Ezequiel Dias using cultured promastigotes of L. major as the antigen. A cutoff value of 1:80 was used to establish a positive IFAT result. DAT-LPC was produced using freeze-dried antigen developed with L. (L.) infantum (MHOM/BR/2002/LPC-RPV) and prepared as described by Harith and others 20 after the improvements recommended by Oliveira and others. 21 First, the 10 + concentrated physiologic solution (9% NaCl plus 1% sodium azide) was diluted 1:10 with type I water, and 5 mL were added into the antigen vial, which was carefully homogenized. Second, the 10 + concentrated diluents solution (9% NaCl, 5 mM N-Acetyl Cystein [NAC], and 1% sodium azide) was diluted 1:10 with physiologic solution (0.9% NaCl). Sera were diluted in diluents solution, and a twofold dilution series was made from 1:100 to 1:102,400. Third, 50 μL DAT-LPC antigen suspension (concentration of 2 + 10 7 parasites/mL) were added to each well of a V-shaped microtiter plate (Greiner Bio-One, Americana, SP, Brazil) containing 50 μL diluted serum. After a minimum incubation of 4 hours at room temperature, the end titer was read as the dilution immediately before the well with a clear sharpedged blue spot identical in size to the negative control.
Statistical analysis. To estimate a sample size, we used the following strategy. Because IFAT is still widely used in Brazil, there is interest in its comparison with DAT. The software MedCalc version 9.4.2.0 22,23 calculated a sample size of 47 patients for the comparison of the areas under two receiver operating characteristic (ROC) curves (DAT and IFAT tests as continuous variable derived from the same cases). This estimation of sample size takes into account the significance level of 0.05 and power of 0.80 considering the hypothesized areas for IFAT and DAT ROC curves of 0.78 and 0.92, 7 respectively. The software used requires hypothesized rank correlation coefficient in the positive group (abnormal cases) and the negative cases (normal cases). We estimated these values to be 0.46 and 0.05, respectively, a conservative estimation derived from a veterinary study. 24 If we maintain all parameters and change correlation coefficients in the positive and negative groups to 0.81 and 0.05, respectively (an estimation derived from a human study), 9 sample size needed would be 49 patients. Another comparison of interest is DAT versus PCR. The software calculated the required sample size of 99 patients for the comparison of the areas under DAT and PCR ROC curves 22, 23 derived from same cases. This estimate takes into account the significance level of 0.05 and power of 0.80 considering the hypothesize area for DAT and PCR ROC curves of 0.92 and 0.98, respectively. 7 The hypothesized rank correlation coefficients in the positive and negative groups were estimated at 0.5 and 0.5, conservative estimates from Deborggraeve and others. 25 Finally, a sample size of roughly 100 patients is needed for latent class analysis. 26 Descriptive statistical analysis was performed in MedCalc software version 9.4.2.0. Categorical variables were analyzed by χ 2 or Fisher exact tests. The distribution of continuous variables was compared by the Mann-Whitney test. Continuous variables were described by mean and SD or median with interquartile range (IR 25-75%). Analysis of variance (ANOVA) with Levene test for equality of variances was used for continuous variables with parametric distribution. Wilcoxon rank-sum test was performed for non-parametric variables. Sensitivity and specificity of index tests were estimated using two reference comparators: parasitological test and adjudication committee final diagnosis. The tests' performances were also estimated through latent class model (LCM) analyses obtained by using R Program Software. Latent class analysis is a mathematical modeling technique based on the idea that the true disease status for each patient is unknown and needs to be estimated from the data. It can be thought of as the analogue of factor analysis for categorical data. LCM attempts to model associations between observed categorical variables by assuming that a non-observed (latent) variable is determining these associations. In diagnostic test validation, the true disease status of an individual can be considered as a dichotomous latent variable with two categories: infected and not infected. Within a group of individuals with unknown disease status, for whom at least three independent diagnostic test results are available, LCM will model the probability of each combination of test results (or response patterns) conditional on the latent class. An estimate of disease prevalence, sensitivity, and specificity of all tests can be derived from the pattern of diagnostic test results as expected under the LCM. 26 The sensitivity and specificity of different cutoff values of IFAT and DAT in predicting VL were determined by the construction of ROC curves. The area under curve (AUC) obtained from the ROC curve was used as a measure of global accuracy.
RESULTS
One hundred seventy-eight patients, in which one of the differential diagnoses could be VL, were evaluated over a period of 2 years (from March of 2011 to February of 2013). Of this total, 115 patients were carriers of HIV. Two cases were excluded from the analysis: one patient did not fulfill the suspicion criteria, and another patient was excluded because of amphotericin B use before the diagnostic evaluation. The clinical characteristics of the 113 included patients are presented in Table 1 ; 24 patients (21.2%) had one or more VL episodes in the past, 67 patients (59%) had present or past opportunistic infection, and 70 patients (62%) were taking antiretroviral (ARV) therapy at study inclusion.
The diagnosis of VL was reached by parasitological confirmation in 41 of 113 patients: 38 patients (92.7%) by direct examination and 3 patients (7.3%) by culture of bone marrow specimen. Two patients did not allow the bone marrow aspiration for parasite examination. Other than these 41 patients, 6 patients were treated for leishmaniasis, including 2 patients who had not undergone the sample aspiration of bone marrow (totaling 47 patients treated for VL by the hospital staff); 5 of 6 patients were also considered by the adjudication committee as true VL cases (46 of 113 VL-suspected patients) on the basis of the overall case clinical picture, available tests, therapeutic response, and clinical follow-up data (details about these patients, including clinical picture, outcomes, and test results, are shown in Supplemental Table 1 ). By having the adjudication committee diagnosis as the reference test, the sensitivity and specificity of parasitological exam were 93.2% (95% confidence interval [95% CI] = 81.3-98.5) and 100% (95% CI = 94.6-100), respectively.
There were 72 VL-suspected patients with a negative parasitology, and of these 72 patients, 59 patients (82%) had at least one clinical assessment after 4 weeks of the study enrollment. The median follow-up time by reviewing the medical records was 38 weeks, and it ranged from 7 to 94 weeks. Through clinical follow-up, an alternative diagnosis (not VL) was confirmed in 19 patients (26.4%) by a histological, microbiological, or laboratorial exam. For 35 patients (48.6%), the alternative diagnosis was deemed most likely on clinical grounds. Nine cases (12.5%) remained without a conclusive diagnosis. The adjudication committee examined all parasitological negative cases, and the target condition (VL) was considered present in 5 of 72 patients.
The characteristics of VL patients with and without positive parasitological examination were compared, and no statistical differences in clinical and laboratory variables were found (data not shown). The clinical and laboratory characteristics of VL and non-VL cases according to adjudication committee definition are shown in Table 2 . The most important clinical differences observed between the two groups were a higher splenomegaly rate (76% + 22%) and a lower leukocyte count median in the VL group. The 30-day mortality also differed between patients with and without VL diagnosis, and it was significantly higher in non-VL patients. It is probably related to the most frequent diagnosis in the non-VL group: disseminated tuberculosis, a very common condition reported in studies evaluating hospitalized HIV-infected patients and a disease with high mortality rate. 27, 28 The quantification of the parasite load by quantitative PCR (qPCR) exhibited great variability in each group, and there was no statistical difference between VL and non-VL patients. It should be emphasized that these results were obtained from only four qPCR-positive patients in the control group, which prevents the extrapolation of these findings.
Sensitivity, specificity, and 95% CIs of index tests were calculated using conventional formulas and the target condition or parasitological results as reference test or by LCM (Table 3 ). In all three analyses, rK39 dipstick test showed the lowest sensitivity and highest specificity. There was no statistical difference among performance presented by DAT-LPC and qPCR. The IFAT exhibited a poor performance, which was shown by sensitivity below 65% independent of reference test used. Figure 2 presents the performance of the DAT-LPC and IFAT in diagnosis of VL in HIV-infected patients using the adjudication committee definition as reference test. The accuracy of DAT-LPC based on the area under the ROC curve was 0.94 (SE = 0.026, 95% CI = 0.87-0.97, P = 0.0001), which means good overall performance. In turn, performance exhibited by IFAT was significantly lower (P = 0.006), with global measure of accuracy by AUC of 0.82 (SE = 0.043, 95% CI = 0.73-0.89, P = 0.001).
DISCUSSION
To our knowledge, no study so far in the Americas has addressed VL diagnostics by a comparative assessment of serological and molecular tests in HIV-infected patients. Strengths of this study are that it includes symptomatic patients living in an endemic area and uses delayed-type cross-sectional design.
The population studied here presents an unexpected predominance of women, which is different from other published series. We have no clear explanation for this result. Although both acquired immunodeficiency syndrome (AIDS) and VL predominantly affect men, it has recently changed. The spread of AIDS among women has been observed in almost all continents, and women account for 48% of cases worldwide. 29 In Brazil, the sex ratio clearly shows this trend: in 1986, there was a 15:1 male to female case ratio, and in 2009, this ratio was 1.6:1. 30 Also, the recent urban behavior of VL may have contributed, because the predominance of men over women in exposure to Leishmania spp. caused by the labor activity in the field no longer exists. Regarding the clinical aspects, the high prevalence of palpable spleen and severe leukopenia among true VL cases are the most significant aspects that may increase clinical suspicion of VL.
A widely documented problem hampering diagnosis research in VL is the absence of a true gold standard to classify with certainty patients who have the target condition. Thus, the published sensitivity and specificity estimates of tests might be biased to some extent depending on the controls and reference test used. Microscopic examination and cultures of bone marrow, lymph node, and spleen aspiration are the conventional diagnostic procedures. Parasitology for VL is very specific, but unless spleen aspirates can be taken, its sensitivity is less than 90%. 31 When a reference test with suboptimal sensitivity for case ascertainment is used, true VL cases are missed and therefore, included in the group of controls. They will generate a false-positive result in any new test that one wishes to evaluate (assuming that this new test is 100% sensitive). For those cases, the new test is actually right, whereas the reference test is wrong, and the specificity of the new test will, thus, be systematically underestimated. 32 For these problems, the term reference standard has been introduced. This term acknowledges the absence of a gold standard and refers to the best available method for classifying patients as having the target condition. Consensus diagnosis definition by an adjudication committee using follow-up information is an attractive alternative if a generally accepted reference standard does not exist and multiple sources of information have to be interpreted in a judicious way to reach a diagnosis. 33 Another strategy used to deal with the lack of a perfect gold standard was LCM analysis.
Parasitological test proved to be the most sensitive test for diagnosing VL in HIV-infected patients in our series. The sensitivity of direct examination performed on slides from bone marrow aspirate in our study was higher than the 70% reported in immunocompetent patients. 31 This observation can strengthen the hypothesis of higher Leishmania spp. parasitemia in HIV-infected patients, which has already been suggested by other authors. 13, 34 Although this fact legitimizes the test as a good diagnostic strategy, obtaining the material requires an invasive and painful technique. Furthermore, several factors interfere with the positivity rates of the method. Bone marrow aspiration should be carried out by trained individuals, and performance of a correct technical procedure is vital to its sensitivity. Finally, the expertise and persistence of the microscopist are also factors of utmost importance influencing the final performance of the test.
Serologic tests have a high diagnostic value for VL diagnosis in immunocompetent patients, 35, 36 but their value is limited in HIV-infected patients. 7 Our serology results confirm the low sensitivity of all tests, except DAT-LPC, for VL diagnosis. Although rK39 dipstick has an ideal format for use in the field, because it is a rapid and simple test not requiring extensive training of the operator, its lower sensitivity limits its use for VL diagnosis among HIV-infected patients. Unsatisfactory results also have been observed in Africa, 8, 37 and one possible explanation would be the high prevalence of HIV coinfection, which is often unrecognized. DAT is a well-validated test for serodiagnosis of VL, and it has been used for the last two decades in immunocompetent individuals, combining high levels of intrinsic validity with ease of use. 8, 38 In the present study, DAT-LPC was highly sensitive and found to be a suitable alternative to screening VL in HIV-infected patients. Of 46 patients considered VL cases by adjudication committee, 41 patients were identified by DAT-LPC (89%). Of five unidentified VL cases, the diagnosis could be done by both parasitological examination and blood qPCR Leishmania in four cases. The ability to make most VL diagnoses without the need for specialized equipment or invasive procedures makes this test a major advance for peripheral healthcare facilities. Eight patients had a positive DAT-LPC and were considered non-VL cases by adjudication committee. In two patient, qPCR Leishmania was also positive in peripheral blood, and one patient had presented VL years before and was under prophylactic use of amphotericin B. Despite the fact that the target condition was also considered absent in this case, the patient had chronic abnormalities, such as thrombocytopenia and splenomegaly, which are consistent with a recently recognized form of VL among HIV-infected patients: a chronic active form. 39 These observations suggest that some patients with considered false-positive results of DAT-LPC were truly infected with Leishmania spp., although Leishmania was not the etiologic agent of the disease under investigation. A fourth patient was empirically treated for VL and disseminated mycobacteriosis with no therapeutic response. This patient had very advanced immunosuppression. He discontinued the use of all medications and died in a few months without confirmed etiological diagnosis. As suggested by others, 36 the specificity of the DAT, like any other diagnostic test, depends to a certain extent on the choice of the control group. When control groups are composed of non-symptomatic people or patients with other confirmed diseases, the specificity of the test tends to be higher than when only clinical suspects are studied, which is the case here.
Molecular diagnosis exploiting PCR combines several advantages; it is minimally invasive, has a high sensitivity and specificity, and is capable of identifying relapses and reinfections in treated VL patients. The sensitivity exhibited by qPCR (based on SSUrRNA target and performed on blood samples) not overcame, but it was as good as the parasitological test. This finding is beneficial, because the use of a test with blood means that invasive diagnostic procedures can be avoided. Previous studies with HIV-infected patients have shown that the sensitivity of PCR for the diagnosis of VL ranges from 76% to 100%. 13, 34, [39] [40] [41] [42] However, two points need to be noted. First, PCR is not one technique but a method encompassing a number of techniques depending on a variety of factors. Therefore, a direct comparison between results from studies using different PCR should not be made. The choice of different PCR targets should be guided by the aim to which it is directed. In fact, the PCR assay based on kinetoplast amplification is probably the most sensitive, because this molecular target is present in about 10,000 copies per parasite. 43 However, the heterogeneity of kinetoplast minicircles can be a problem for accurate quantification. 13 Moreover, the high sensitivity of the kinetoplast target might be a double-edged sword when used as a tool to verify the therapeutic response. For that reason, we chose the SSU rRNA gene of the parasite as the target sequence. The goal of our group was to evaluate a test that could be applied in not only diagnosis but also, monitoring of HIV-infected patients after VL treatment (there is a cohort in progress). Second, another point to note is that the estimates of sensitivity and specificity should be carefully interpreted according to sample selection criterion. Studies using sera from healthy controls in non-endemic areas or patients with other confirmed infectious diseases might overestimate the specificity of the test. In our series, 6% qPCR positivity (4 of 67 patients) in the control group was observed. Two of the patients were treated for other conditions (one patient had pulmonary tuberculosis, and one patient had secondary syphilis associated with vitamin B12 deficiency) and evolved with complete remission of fever, splenomegaly, and cytopenia. The third patient had VL years before. After the initial study evaluation, he had complete improvement of cytopenia with the reintroduction of the ARV therapy that he had interrupted. The favorable evolution without specific treatment of VL suggests that these three patients were asymptomatic carriers of Leishmania spp. The fourth patient had disseminated cryptococcosis and died in few days because of neurological complications. In this case, it was not possible to undoubtedly attest that Leishmania spp. infection was not liable for some of his symptoms.
In conclusion, our results show that, in an urban setting in Brazil, unlike other serological techniques, DAT is a suitable tool for the VL diagnosis among HIV-infected patients. DAT is a simple, inexpensive technique with reasonable specificity and sensitivity. It uses very little serum, can also use plasma, and is performed at room temperature. Nevertheless, the laboratory infrastructure needed to carry out DAT is much simpler than IFAT, because no sophisticated equipment is required. We reiterate that DAT rather than rk39 strip test or IFAT can be routinely applied for VL diagnosis in HIVinfected patients.
Despite high sensitivity and specificity of the qPCR based on SSU rRNA target, qPCR diagnosis may have limitations in VL diagnosis. Real-time PCR diagnosis alone cannot differentiate between asymptomatic and symptomatic VL infections. Thus, this method would be used only for the confirmation of suspected cases of active disease and exclude other diagnoses.
No currently available method for VL diagnosis exhibits all the desirable characteristics of high sensitivity and specificity in addition to ease of use and low cost. This finding emphasizes the importance of associating serology, parasitological, and molecular methods to reach higher positivity rates in diagnosis. Using DAT as a screening test followed by parasitological tests only in DAT-negative cases, confirmation of VL might be possible in nearly 100% of patients, and invasive tests will be done in no more than 11% of the patients. Molecular tests, including tests based on SSU rRNA target and performed in peripheral blood, represent a non-invasive alternative for VL confirmation in settings with adequate laboratory infrastructure. 
